Empirical models of capital accumulation estimated on aggregate data series are based on the assumption that capital asset types respond in the same way to cost variables. Likewise, aggregate models do not consider potential heterogeneity in investment behavior originating on the demand side for capital, e.g. at the sector level. We show that the underlying assumption of homogeneity may indeed lead to misspecification of standard aggregate investment models. Using data from 23 sectors in 10 OECD countries over the period 1984-2007, we adopt a fully disaggregated approach -by asset types and sectors -to estimate the responsiveness of investment to the tax-adjusted user cost of capital. While accounting for the different sources of heterogeneity, we find that fixed capital accumulation is significantly affected by changes in the user cost. However, the estimated substitution elasticities are smaller than one -the benchmark value under a Cobb-Douglas production function. We do not find robust evidence that the long run substitution elasticities are statistically different across asset types.
Introduction
Capital accumulation is crucial for business cycles and economic growth. Understanding its drivers is therefore essential. Among the potential determinants, the literature has extensively investigated the role of the user cost (see Chirinko (1993a Chirinko ( , 2008 for comprehensive surveys).
Most studies treat capital mostly as a homogeneous good. However, there is motivated concern that the single capital good model inadequately describes the effects of changes in the user cost on capital accumulation, primarily because it neglects compositional shifts in investment.
In fact, different capital goods command different prices, display different depreciation patterns, and receive a specific tax treatment. First, market prices vary widely across assets and over time. In some cases, price changes might reflect long-term trends, such as technological progress. For instance, quality improvements in high-tech components have led to a dramatic decline of market prices for computers and similar goods (Greenwood et al., 1997) . By contrast, price developments for other capital goods closely reflect demand shocks, particularly in the presence of supply constraints. Real estate assets are a typical example. Secondly, technological features directly affect adjustment costs, which presumably increase with the useful life of the assets. Likewise, the durability of capital goods determines the amount of replacement investment needed to sustain a given level of production, under unchanged technological constraints. Thirdly, the impact of tax policy differs across capital asset types.
Tax allowances for depreciation of capital expenditure are typically asset-specific, or defined for relatively narrow asset categories (Clark, 1993) . Likewise, temporary policy measures, such as accelerated or bonus depreciation, may selectively apply to specific capital goods (House and Shapiro, 2008) . Moreover, even non-targeted tax policy measures, e.g. changes to the headline statutory corporate tax rate, translate into different relative changes of the user cost of different assets, depending on its initial level (Cummins et al., 1996) . Importantly, both asset and sector specificities matter for the trajectories of capital accumulation. In so far as different sectors are technologically constrained to rely on specific capital assets, investment evolves unevenly across industries. The responsiveness to cost variables changes further if supply is rigid and if the capital assets are not easily redeployable, even within sectors (Goolsbee, 1998) . Moreover, increased specialization of physical capital, possibly combined with intangible and organizational capital that creates expertise in holding certain asset classes, may contribute to market segmentation, not only across sectors but also within sectors. Such asset specificities, by impairing the functioning of the secondary markets for capital, might reduce the incentives for disinvestment, thus ultimately altering the responsiveness of investment to cost variables. As Desai and Goolsbee (2004) point out, these types of irreversibilities are likely to manifest at the microeconomic level -i.e. at the level of the individual asset and sector -"rather than apply to all assets in all sectors homogeneously".
Abandoning the assumption of homogeneous capital creates challenges for investment modelling. In the context of structural models, the combination of different types of capital goods into a single aggregate imposes unappealing restrictions, either on the level and the shape of adjustment costs (Wildasin, 1984; Chirinko, 1993b) or on the degree of substitutability among assets (Hayashi and Inoue, 1991) . On the empirical side, aggregation creates issues in the first place for the construction and measurement of variables. Then, naturally, econometric models with aggregate variables force homogeneity on the estimated parameters. Likewise, the standard pooled estimators for panel data constrain the slopes in the estimating equation to be the same across cross-section units. This might have severe consequences in reduced-form models of capital accumulation resting on the long run cointegrating relationship between the actual and the frictionless level of capital implied by economic theory (Caballero et al., 1995) .
As Pesaran and Smith (1995) have shown, this kind of heterogeneity mis-specification might invalidate the long run equilibrium relationship that holds at the microeconomic level, increasing the risk of spurious regression.
In this paper, we investigate the consequences of imposing homogeneity when estimating the sensitivity of investment to the tax-adjusted user cost of capital. We use data -including detailed information on business tax incentives -for 23 sectors comprising the market economy in 10 OECD countries over the period . Our setup accommodates heterogeneity across capital asset types and economic sectors. As such, it departs from the bulk of the literature on the substitution elasticity, based on aggregate data (Schaller, 2006; Caballero, 1997; Bond and Xing, 2015) . In focusing on asset heterogeneity we take inspiration from Tevlin and Whelan (2003) , who reveal the shortcomings of aggregate models due to the rising importance of computers as of the 1990s in the US. Smith (2008) and Bakhshi et al. (2003) provide similar analyses for the UK. We extend their contributions not only by considering a broader set of assets, countries and sectors, but also by systematically investigating the effects of neglected heterogeneity along these dimensions. Our paper also relates to the recent article by Bond and Xing (2015) . They use the same investment data (although a slightly different sample definition) as we do, but still work with aggregate measures of capital. We show that their conclusions do not necessarily survive a finer definition of capital goods. Moreover, we formally examine how heterogeneity affects econometric estimates of the substitution elasticity, something that is inherently different from the focus of their analysis. 4 The remainder of the paper proceeds as follows. Section 2 discusses a way to deal with multiple capital assets in a standard empirical investment model. Section 3 introduces the data, and some stylized facts. Section 4 describes our empirical strategy. The results are in section 5. Finally, section 6 offers some concluding remarks.
Investment model: theoretical background and empirical specification
The traditional setup with aggregate capital series implicitly assumes a constant elasticity of substitution across assets. We stick to this assumption to derive the estimating equations, and then verify whether it holds in the data given the estimated elasticities 1 . The simplest way to accommodate different types of capital goods is a single-level constant elasticity of substitution (CES) production function. Under constant returns to scale, output in sector i is:
, where denotes the j-th type of capital, L is labor, and the 's are distribution parameters capturing capital-biased technological progress. The parameter of interest is , the elasticity of substitution. While in equation (1) we allow for different sector-specific production functions, the CES implies that the elasticity of substitution is constant across asset types within each sector. As a special case, = 1 holds for the Cobb-Douglas production function.
In competitive markets without adjustment costs, the optimal level of capital type j is a loglinear combination of output and the user cost of capital:
where small caps indicate the natural logarithm of variables, and also ̃= ln( ). If the marginal investment is financed by retained earnings, the tax-adjusted user cost derived by Hall and Jorgenson (1967) is:
where is the price of the capital asset relative to the price of output, Ψ is the net present value of depreciation allowances, the real discount rate, and is the marginal corporate income tax rate. If instead the marginal source of finance is debt, one needs to account for the 1 A more flexible functional form allowing for different substitution elasticities, such as a translog function leading to interrelated factor demand equations, could be envisaged. We have estimated a static translog treating all capital assets as quasi-fixed. In such context, however, the cross-equation restrictions imposed by the translog setup were rejected by the data, leading us to prefer the approach in this paper. Given the limited time dimension of our sample, the CES framework, avoiding parameter proliferation, allows for a better modelling of the dynamics of capital accumulation.
fact that in standard corporate income tax systems interest payments are deductible for tax purposes. The user cost of capital for a debt-financed investment is:
where the second term in squared brackets,
, represents the tax advantage of debt over equity finance. Here, is the nominal discount rate, is the nominal interest rate on the loan, and is the fraction of a unit investment that can be deducted from corporate income in the year the investment is made.
Without adjustment costs, the capital stock, , would be set in each period equal to the frictionless level pinned down by the equilibrium condition in (2). To factor in sluggishness in the capital stock, we specify a dynamic demand for capital in error correction form as in Bond et al. (2003) . Such reduced-form approach assumes that desired capital deviates from the frictionless level, but is adjusted in order to keep pace with it, and that short run dynamics in the convergence process are stable enough to be adequately approximated by distributed lags . Following Caballero et al. (1995) , the equilibrium condition can be expressed as:
The two capital series need not be equal on average, as they can differ up to a stationary error term, , which captures transitory deviations. In our framework, for a single cointegrating relationship to exist, the capital output ratio and the user cost must be cointegrated. In turn, this imposes constant returns to scale on the production technology, which we assume throughout as in Caballero (1997) . Precisely relying on the cointegration between the two capital series, the full specification with short run dynamics can be reparametrized into an error correction model (ECM), as in Bloom et al. (2007) . We discuss the empirical implementation of the ECM in section 4, and now turn to the issue of heterogeneity and aggregation.
Heterogeneity and aggregation
Imposing homogeneity through aggregation forces heterogeneity in the regression residual, thus resulting in biased and inconsistent estimates if the error term systematically correlates with the controls. Two closely related but separate issues are at play here: aggregation of microeconomic data and constrained estimates. Let us consider what happens in general when one neglects heterogeneity. To fix ideas, we focus on the aggregation over sectors, i.e. on the demand side for capital. In this context, let us consider the long run relationship in (5), rather than the nesting dynamic specification. Substitution of (3) into the cointegrating relationship in equation (5) gives (ignoring the constant):
where = 1, … , denotes the cross-section units and we drop the other subscripts. Assume that the elasticities are the sum of a component ( ) that is common across groups and a groupspecific (randomly) varying amount that averages to zero, so that:
Thus, we can express the aggregate version of equation (6), which identifies the common component of the coefficient, as:
where ̅ = ∑ , ̅ = ∑ , ̅ = ∑ , and = ∑ , with being the weights defined in terms of sectoral capital over total capital across sectors. Neglected heterogeneity ends up in the residual of the aggregate equation via the term ∑ . This also implies that the long run relationship between actual and desired level of capital that exists at the microeconomic level breaks down when aggregate variables are considered, increasing the risk for spurious regressions (Pesaran and Smith, 1995) . Note that a similar issue arises when the microeconomic estimates are constrained to homogeneity, like pooled estimators for panel data do.
Aggregation over heterogeneous capital goods creates analogous econometric issues. In the first place, one should ensure consistency between the aggregate measures of quantities and cost variables (Bakhshi et al., 2003) . In practice, capital stock series available from the national accounts are obtained additively from the individual series. The corresponding tax-adjusted user cost is built as an aggregate quantity-weighted index of the asset-specific user costs. Fitting an equation for investment implies that, for consistency, the aggregate user cost should be built as a price index for investment, though. Thus, the sets of weights will differ unless all capital assets accumulate in proportion to their stock value 2 . Even with appropriately defined asset weights, aggregation of the non-price component of the user cost may still be problematic, as it would propagate any measurement errors affecting the tax terms of the single capital assets (Goolsbee, 2000) . 2 The problems of consistency between aggregate capital and the user cost carry over to the case when a service concept of capital, instead of a wealth stock concept, is used (Oulton et al., 2003) . In this instance, the quantity variable is an index of aggregate capital services growth. The weights in the user cost should then reflect the share of the asset in total capital services, whereas in an aggregate index for investment the corresponding shares are defined in terms of investment. Again, the pattern of weights will be the same only if assets prices are changing at the same rate relative to the price of output, i.e. asset prices are constant in relative terms (Bakhshi et al., 2003) .
Overall, the discussion above casts doubt on the fact that ignoring heterogeneity would lead to correctly specified empirical models of capital accumulation. 
Stylized facts
Here we illustrate some key features of the data, which further motivate our preference for a disaggregated approach in modelling investment demand. Figure 1 plots the capital-output ratio and the user cost of capital for both the aggregate capital stock and equipment capital. The overall capital-output ratio decreases slightly over the sample period. At the same time, the series for equipment capital appears clearly rising as of the mid-1990s, while being relatively flat previously. Taken together, this evidence points to a compositional shift within physical capital. In particular, the increased use of aggregate equipment is accompanied by a decreased importance of structures, which ultimately drives down the aggregate capital-output ratio. The user cost of capital shows a clear downward trend, with the reduction especially marked in the case of aggregate equipment. In logs, the user cost can be expressed as the sum of two components: the relative price of capital and the non-price component, which comprises the cost of finance and the tax term, in addition to economic depreciation. Figure 3 depicts the evolution of the relative market price and of the tax-term for each of the five assets. As a mirror image of the large rise in volumes, relative prices of both computers and communication equipment (averaged across countrysector pairs) display pronounced negative trends. This is a well-known fact, often taken as evidence of quality improvements stemming from investment-specific technological change (Greenwood et al., 1997) . By contrast, the market price for structures is trending upwards, while the relative prices of transportation equipment and other machinery are relatively flat.
The tax term of the user cost displays far less heterogeneity across capital assets than the price component (right hand side of figure 3 ). The significant reduction in statutory tax rates on corporate income across OECD countries seemingly lies behind the generalized downward trend observed for the tax term. Short run dynamics are somewhat more volatile, as they are most likely driven by changes to the asset-specific depreciation allowances.
So far we have focused on the dynamic properties of quantities and prices. Taking a look at the cross-sectional variation in the allocation of the capital assets is also useful, as this would
give an indication on the degree of heterogeneity in the underlying production technologies across sectors and countries. In Figure 4 we present box plots for the shares of each capital type into the stock of total capital across sector-country pairs in 2007. Expectedly, structures and other machinery and equipment show the largest median shares. In general, the interquartile range of shares is relatively narrow with respect to the tails of the respective distributions.
Moreover, there are quite a few outliers for all assets the short-lived assets.
Econometric modelling
The error correction model nests the long run equilibrium demand for capital into a general dynamic regression framework that embeds both the accelerator and the partial adjustment models of capital accumulation. This allows for a flexible representation of the short run investment dynamics. As discussed in section 2, we model the evolution of capital towards its long run equilibrium level as an autoregressive distributed lag (ADL). After experimenting with different lag lengths, we opt for a parsimonious ADL(2,2) specification, written in error correction form as:
where small caps indicate natural logarithms of variables, i indexes the country-sector pairs, while the subscripts for the capital assets are omitted for simplicity, and the estimating coefficients are combinations of the corresponding coefficients in the model in levels. In equation (9) the growth rate of capital is a function of its own lagged growth rate, current and lagged growth rates of output and of the user cost variable, and an error correction term comprising the capital output ratio and the user cost in levels. This specification allows us to disentangle the short run dynamics and the long run equilibrium relationship between the capital output ratio and the user cost. In particular, error correcting behavior requires that the coefficient on the error correction term in squared brackets, , be negative, so that if the actual level of the capital stock is above its desired level low future investment rates are expected, and vice versa.
Taking equation (9) to the data in a standard panel approach restricts all the slopes to be the same for each cross-section unit, while only intercepts, modelled as fixed or random, are allowed to vary. In other words, imposing homogeneity constrains all the coefficients indexed with i to assume a single value across the cross-section units 6 . In turn, the error term is: Heterogeneity stemming from different sources, if not adequately accounted for, invalidates the slope homogeneity restriction imposed in the traditional panel approach, with a systematic component being subsumed in the error term 7 . Pesaran and Smith (1995) show that aggregate 6 Formally, = and = , for s=0,1; 2 = 2 , 1 = 1 , and = . 7 An important issue arises when fitting an equation for gross investment. In that case, conventionally the approximation ∆ , ≈ , , −1 ⁄ − is used, where I denotes gross investment and K the capital stock, both estimation with non-stationary variables can lead the cointegrating relationship existing at the micro level to break down in a pooled setting, raising the potential for spurious regressions, as discussed in section 2.1. In this case, the error term incorporates a non-stationary component.
As a solution, one can estimate individual equations separately, and then average the individual estimates across the cross-section units to obtain the aggregate effects. We implement this approach -the 'Mean Group' (MG) type estimators -by running separate time series regressions for each country-sector pair. Given the underlying theoretical model, this means that each country-sector pair is allowed to use their own (constant-elasticity-of-substitution) production function. Since we are interested mainly in the long run substitution elasticity, we let both long and short run parameters to be heterogeneous 8 . Then, we obtain outlier-robust estimates of the macro impacts as a weighted average of the coefficients. In practice, this entails leaving and all of the short-term coefficients as group-specific in equation (9).
In addition to coefficient heterogeneity, another important source of concern in estimation is the presence of cross-sectional dependence in the error term due to omitted common factors.
Common correlations can arise from macroeconomic shocks affecting all the sectors.
Moreover, in our setup, sectoral linkages imply that shocks that are specific to capitalproducing sectors propagate throughout the rest of the economy (Foerster et al., 2011) . Such interlinkages in the use of capital inputs may effectively transform idiosyncratic shocks into common shocks. While the strength of the amplification mechanism depends on the structure of production linkages between sectors (Horvath, 1998) , the scope for transmission clearly increases when an aggregate measure of capital is considered. Common shocks can induce cross-sectional dependence in the residual, and, if correlated with the regressors, result into inconsistent estimates. Likewise, correlation across cross-section units may also lead to significant size distortions in panel unit root tests that assume independence. However, if the extent of cross-sectional dependence of errors is sufficiently weak, or limited to a small number in levels. Substituting for net investment into equation (6) to obtain a specification for the gross investment rate shows that the variation in the rate of economic depreciation, , enters directly the disturbance term (Mairesse et al., 1999) . In a pooled model, fixed effects and time dummies can be used to control for such variation. The adequacy of this approach rests on the dynamic characteristics of , however. As highlighted in section 3.1, the aggregate depreciation rates depend on the composition of aggregate capital, which has changed over time and across sector-country pairs. In this case, part of the variation in the depreciation rate would be subsumed by the idiosyncratic component of the error term, which would then comprise a non-random element. This is likely to induce correlation between the error term and the aggregate user cost, and increase the scope for biased estimates due to cross-section dependence. Thus, the case against aggregation is reinforced when interest lies in the behaviour of gross investment. 8 An alternative formulation, the Pooled Mean Group proposed by Pesaran and Smith (1997) would only allow the short-term coefficients to be potentially heterogeneous, while imposing homogeneity on the long run coefficients.
of units, then its consequences in a standard setup are negligible (Chudik and Pesaran, 2014) .
While the conventional pooled estimators control for the presence of unobserved common factors with the time fixed effects, relaxing the slope homogeneity restriction calls for alternative strategies to deal with such unobservables 9 . Specifically, we first implement the Mean Group estimator on cross-sectionally demeaned variables (CDMG), viz., variables measured as deviation from their year-specific average over the whole sample. This procedure eliminates trending components that are common to all sector-country pairs, and thus allows one to deal with common factors affecting capital accumulation, although only imperfectly when slopes are heterogeneous. In addition, by augmenting the estimating equations with country-sector specific linear trends we control for group-specific shocks that evolve linearly over time.
A more general way to model the impact of time-varying unobservables would be to allow for a multiplicative factor structure whereby one lets the common shocks affect freely each cross-section unit. The error term in the estimating equation (9) becomes then:
where is a vector of unobserved common factors, and is the associated vector of factor loadings. The common factors , possibly serially correlated, simultaneously affect all cross section units, albeit with different degrees as measured by the loading coefficients. The idiosyncratic error term is still assumed serially uncorrelated. Pesaran (2006) proposes the Common Correlated Effects (CCE) estimators to account for unobserved common factors with heterogeneous factor loadings that can be distinguished from the idiosyncratic errors. The idea is that the linear combinations of the unobserved factors can be approximated by crosssectional averages of the dependent and of the explanatory variables. Consequently, these terms are used to augment the baseline regression equation. The CCE approach has been shown to be robust with respect to an unknown number of unobserved common factors -as long as their number is relatively fixed compared to the number of cross-section units -of both weak and strong type, which may arise in the presence of global common shocks or local effects, respectively (Pesaran, 2006; Chudik et al., 2011) . With heterogeneous coefficients, the CCE correction applies to the MG estimator (CCEMG estimator).
Empirical results

Time series properties
Since the error correction specification rests on the cointegration between the frictionless capital and the actual level of capital, it is important to investigate the time series properties of the variables. To this end, we employ the panel unit root test proposed by Pesaran (2007) , which allows for heterogeneity and cross-sectional correlation 10 . We run the test for up to 3 lags, and found that in general the quantity and price variables are non-stationary in levels, both for the raw and the demeaned series. The detailed results are in Appendix C.
Investment equations
We estimate equation (9) (2007) , and for the presence of cross-sectional correlation (Pesaran, 2004) 13 . The root mean squared error (RMSE) statistic is reported as a measure of goodness of fit.
Aggregate capital
We first estimate the error correction model for total capital and aggregate equipment using the standard two-way fixed effects (2FE) estimator and the MG estimators. The regression results are in Table 1 . First, let us look at the models with homogeneous parameters (first and fourth column, respectively). The short run coefficients are all consistent with the underlying theory and significantly different from zero. The point estimates of suggest that the speed of adjustment towards the long-run target level is somewhat slower for total capital than for aggregate equipment. This is consistent with previous evidence pointing to a significantly sluggish adjustment of structures (Desai and Goolsbee, 2004; Schaller, 2006) . The implied long run substitution elasticity for total capital is statistically different from one at conventional significance levels, whereas the case for rejecting the Cobb-Douglas benchmark is not equally Allowing for heterogeneous parameters with demeaned variables (second and fifth column in Table 1 ) results into a faster speed of adjustment and decreased long-run elasticities (in absolute value). In particular, the coefficients are half in size compared to the 2FE estimates.
The test for a unit long-run elasticity is rejected for both capital aggregates. Moreover, the Wald test does not reject the hypothesis that the long-run elasticities for the two capital series are equal. While the residuals in both equations appear stationary, demeaning does not alleviate the problem of strong cross-sectional dependence. The estimates from the CCE version of the Mean Group model (third and sixth column) point to long-run elasticities centered on 0.4 rather than one. These results broadly corroborate the findings in Bond and Xing (2015) , who estimate 13 The test for cross-section dependence (CD) is based on estimates of pairwise error correlations. The null is that the average pairwise correlations are equal to zero, thus errors are not correlated. Pesaran (2015) has shown that the distribution of the test depends on the relative order of convergence of N and T (the cross-section and time series dimensions, respectively), and thus redefined the implicit null in terms of weak cross-sectional correlation. Chudik and Pesaran (2014) prove validity of the test in the presence of weakly exogenous regressors.
elasticities for total capital between -0.5 and -0.3, values within the range of previous findings (Smith, 2008) . Again, we cannot reject the hypothesis that the elasticities are statistically equal at conventional significance levels. Importantly, the residuals from the model are well behaved, as they are stationary and reveal only weak cross-sectional dependence.
Disaggregated capital
We estimate the error correction model in equation (9) separately for structures and for the different equipment types -computers, communication equipment, transportation equipment, and other machinery and equipment. We start from the standard 2FE pooled model, and then implement the Mean Group approach. The results are reported in Table 2 and 3, respectively.
The speed of adjustment of the capital series to their long-run targets is faster for computers than for other types of equipment, while structures exhibit, expectedly, a sluggish behavior.
The long-run substitution elasticity is not statistically different from one in the case of IT capital (computers and communication equipment) and, marginally, transportation equipment.
Structures and other machinery and equipment display much lower elasticities (in absolute value), but still statistically significant (see Table 2 ). The findings are consistent with previous evidence pointing to a relatively high responsiveness of short-lived capital, particularly computers (Tevlin and Whelan, 2003) compared to slow depreciating assets (Bakhshi et al. 2003 ). Residual inspection for the different types of equipment does not give fully reassuring results when it comes to stationarity, however. Strong cross-sectional dependence is also an issue for all asset types, except computers. We interpret this result as evidence of the different nature of the unobservable common shocks hitting the different capital goods. Specifically, in the case of computing equipment the shocks seem common to sectors and countries. This is fully consistent with supply side shocks, stemming precisely from the technological improvements reflected in steadfastly declining market prices. As such, these unobservable factors can be adequately controlled for by the time fixed effects in the model with homogeneous parameters. By contrast, unobservable shocks to the other types of capital seemingly have a different nature. Hence, in this case, we expect neglected heterogeneity across countries and sectors to play an important role in contributing to overall cross-sectional dependence.
Next, we relax the assumption of homogeneous parameters across country-sector pairs by implementing the Mean Group approach. The results are in Table 3 . We first consider variables in deviations from their sample mean in the different years, which allows us to control for unobservables under the maintained assumption that they have common impact on the cross-section units (the corresponding estimates are in the columns with CDMG headings). The estimated parameters of interest are highly significant throughout. The long run elasticities (in absolute value) are half in size compared to the regression with homogeneous parameters. By contrast, the estimates of the error correction term point to a much faster speed of adjustment for all the assets. The residuals are in general stationary. However, in general, the ability to control for strong cross-sectional dependence is not particularly satisfactory. Results from the CCE version of the MG estimator are reported in the CCEMG columns. Strikingly, the speed of adjustment for computers is much faster than the previous estimates would suggest. Looking at the diagnostics shows that the residuals from all the equations are stationary, while crosssectional dependence also appears significantly reduced for all asset types, except for computers. The combined reading of these regression diagnostics leads us to prefer the CCEMG estimates. The estimated long run substitution elasticities, of the same order of magnitude as the CDMG estimates but with a lower dispersion, are centered on 0.5, a value that does not deviate substantially from the bulk of the results in the literature obtained with different techniques and data samples (Chirinko, 2008) . Tables 2 and 3 . The test results for the homogeneous parameter models suggest the clustering of capital assets into two classes. The long run elasticities of the fast depreciating assets are not statistically different from one another, although at varying significance levels. Likewise, structures and other machinery and equipment display statistically similar elasticities. These results are broadly confirmed when the Mean Group estimator with demeaned variables is used. However, our preferred MG estimator with common correlated effects points to a much lower degree of differentiation of the long run elasticities. In particular, the p-values confirm that the hypothesis of equality in general cannot be rejected, although only marginally in the comparison between computers and the long-lived assets, i.e. structures and other machinery and equipment.
Extensions
Disentangling the effects of the price and the non-price components of the user cost. -The stylized facts presented in section 3.2 corroborate our claim that both components of the user cost, namely the relative price and the non-price term, are potential sources of heterogeneity.
Thus, we look at them separately in the regressions. Splitting the user cost into its two components increases the number of estimated parameters, making the implementation of the MG estimators quite problematic given the moderate time series dimension of our sample.
Therefore, we opt for a more parsimonious specification where we let the two terms affect investment differently only in the long run, while the short-term dynamics are left unchanged where all of the variables are as before, except that the variable for the user cost of capital is now replaced by two terms, i.e. the relative price of capital ( ) and the non-price term ( ), both in logs. We report only the results for the error correction term and the long run elasticities in Table 5 14 .
Since the CCEMG estimator again shows the most satisfactory performance in addressing cross-section dependence, we focus on the results from that model. The long run elasticities for both the relative price and the non-price components of the user cost have the expected sign and are mostly estimated with precision. The coefficients of the price term show a larger dispersion than those of the non-price term. In general, the pairwise Wald tests cannot reject the null hypothesis of equal coefficients, although only marginally for communication equipment, whose long run elasticity is not statistically different from zero, however (see table
D-1 in Appendix D).
Debt-financed investment. -In standard corporate income tax systems, debt enjoys a favorable treatment relative to equity financing because interest is deductible. As shown in section 2, the tax advantage of debt reduces the tax-adjusted user cost with respect to the equivalent under equity finance. Testing the responsiveness of investment to the user cost under debt financing is of particular interest in our setup because, presumably, incentives to resort to external finance differ across asset types and sectors. For instance, long-lived and relatively non-specialized capital goods might be more easily pledged as collateral, and thus offer better opportunities for debt finance than short-lived and specialized assets, ceteris paribus. Again, to avoid a significant challenge to our data in terms of the number of parameters to be estimated the MG approach, we restrict the short run dynamics and allow for separate identification of the debt term as in equation (4) Table 6 . The long-run substitution elasticities obtained from the MG models are broadly in line with those estimated under retained earnings finance (see Table 3 ), particularly for transportation equipment and other machinery and equipment.
However, as before, the CCEMG model performs better in terms of correction for crosssectional dependence in the residuals. In both cases, the pairwise Wald tests reported in Appendix D again seem to point to the elasticities being not significantly different. The term capturing the tax advantage of debt is not estimated with precision, except in the case of transportation equipment, where it is negative and relatively large in magnitude. Overall, the results do not indicate a strong additional effect of tax savings from debt finance on capital accumulation, except for the case of transportation equipment.
Conclusions
Empirical models of investment for aggregate capital may be plagued by inherent biases because of neglected heterogeneity originating from asset and sector specificities. In this paper, we investigate the effects of imposing homogeneity on the long run substitution elasticity using a panel of 23 sectors in 10 OECD countries over the period . We perform the analysis for capital stock aggregates as well as for individual asset types -namely computers, communication equipment, transportation equipment, other machinery and equipment, and structures. We further relax homogeneity by using panel techniques with heterogeneous parameters next to the standard pooled models.
We find that the tax-adjusted user cost significantly influences capital accumulation, both for aggregate and disaggregated series. Results from the standard two-way fixed effects model suggest that long-lived assets displays statistically similar long run elasticities, consistent in size with the unit benchmark. We do not find significant differences also among the elasticities short-lived assets, which are, expectedly, also smaller in magnitude. However, conventional panel data models, by imposing parameter homogeneity across countries and sectors, increase the risk of spurious regression and do not correct for cross-sectional correlation in the residuals.
In this respect, the homogeneity assumption proves critical for virtually all assets, except computers, for which we can pin down the common supply side nature of technological shocks.
Allowing for heterogeneous parameters reduces both the magnitude and the dispersion of the estimated long run elasticities for the different assets types. Once we account for unobserved common factors affecting investment using cross-section averages in the countryindustry regressions, we cannot reject the hypothesis that the long run substitution elasticities are statistically similar across asset types. Moreover, we concur with evidence of a more muted impact than the neoclassical unit benchmark. Table 2 ) and with heterogeneous parameters (regression results in Table 3 ). The Wald statistics is distributed as a 2 (1). The tax-adjusted user cost of capital (see equation (3) in the text) at time t is:
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where is the price of the capital asset relative to the price of output, Ψ is the net present of depreciation allowances, the real discount rate, and is the marginal corporate income tax rate.
The data to calculate the real user cost are taken from a number of sources. Capital asset prices and value added prices at the sector level are taken from the EU KLEMS database. Assetspecific economic depreciation rates are also derived from the KLEMS dataset, where they vary across country-sector pairs. This ensures full consistency between the quantity and the cost variables used in the empirical exercise.
The real discount rate is obtained as the difference between the nominal rate of return and CPI inflation, or = − . The nominal rate is assumed to reflect the cost of finance for the corporate investor. In line with the corporate finance literature, both equity and debt are considered to build a weighted average of the respective after-tax rates of return:
Thus, is the annual return to equity and is the annual return to debt, while denotes the share of equity in total funding. The deductibility of interest payments from the corporate income tax base is accounted for by introducing the marginal corporate income tax rate. All the variables entering the calculation for the external rate vary across years and countries.
The cost of equity is constructed as the earnings plus the dividend yield taken from
Datastream. Building a measure for the cost of debt is more challenging given the limited information available on corporate bond yields and bank loan rates in some European countries for the early sample years. Therefore, the cost of debt in each country is calculated by applying a risk premium to the national government bond yield. The premium is set at 202 bps, equal to the average spread of BAA-rated US corporate bonds on the 10-year Treasury Constant
Maturity over the sample period 15 . As conventionally done in the literature, the shares of debt and equity in total funding are calculated using the aggregate balance sheet of non-financial corporations, obtained from a number of different sources 16, 17 .
Finally, tax rules data are taken from ZEW (2013), and, for the early sample years, from the International Bureau of Fiscal Documentation (IBFD) and the International Tax Summaries (Coopers & Lybrand) . The information collected include headline statutory tax rates on corporate income -augmented, whenever relevant, by local taxes and surcharges, potentially applicable to specific sectors -, and asset-specific fiscal depreciation rules (including temporary bonus depreciation schemes). The sector and asset classifications employed are the same as in EU KLEMS. In calculating the net present value of the tax allowances, in case multiple rules are allowed under national tax codes, the most efficient scheme is applied.
16 Debt comprises credit market instruments (sum of commercial paper, municipal securities, corporate bonds, bank loans, other loans and advances, mortgages), while equity is given by the market value of equities outstanding (excluding corporate farm equities). 17 The data for the European countries is taken from the AMECO dataset. For the US the source is the Flow of Funds Accounts of the Federal Reserve Board. parameters, decomposing the user cost in its price and non-price components (regression results in Table 5 ). The Wald statistics is distributed as a 2 (1). heterogeneous parameters, using the user cost for a debt-financed investment (results in Table 6 ). The Wald statistics is distributed as a 2 (1).
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